Abstract
Introduction

Model formulation 48
The model developed in this study is based on the Dynamic Energy Budget theory (Kooijman, 2010) . According 49 to DEB theory the energetics of an organism can be described by the dynamics of three state variables: (1) the 50 structural volume V (somatic tissue excluding reserves), (2) the reserves E and (3) the energy allocated to maturity and 51 reproduction E R . Trophic resource provides energy that fuels the reserve compartment. A fixed fraction (κ) of energy 52 flux from reserve is then allocated to somatic growth plus its maintenance, with a priority given to maintenance. The 53 remaining fraction (1 -κ) is used for maturity maintenance, maturation (in embryos and juveniles) and reproduction
54
(i.e. gamete production in adults). A conceptual scheme, illustrating the modeled energy flows through the scallop, is 55 given in Fig. 1 . Notation of the variables and parameters is from Kooijman (2010) .
56
In this study, we paid a particular attention to the feeding process, which is rather complex in suspension feeders 57 (Ward and Shumway, 2004; Cranford et al., 2011) . Briefly, the filtering process in bivalves can be described as follows.
58
A water current is generated through the pallial cavity by ciliary activity of the gills. Water is then sieved by the gills,
59
the amount of water totally cleared of its particles per unit of time is denoted as clearance (or filtration) rateḞ X .
60
For each food particle present in the surrounding water, with a density X, the flux of particles extracted from the
In order to test the hypothesis of a selectivity in feeding in P. maximus, a classical functional response was also calculated, using only one food source (phytoplankton cells). This response to food density variations is based on the
110
Holling type II functional response (Kooijman, 2010) : f = X X + X K , with X the algae cell concentration (#.L −1 )
111
and X K the half-saturation coefficient (#.L −1 ). The value of this parameter was calibrated for each year.
112
Once assimilation has been implemented, reserves dynamics can be treated. Energy conservation law implies that 113 reserves dynamics amounts to the difference between the assimilation rateṗ A and the utilization rate of reserves 114ṗ C . The structural growth is provided with a fraction κ of this mobilized energy from which somatic maintenance 115 requirements are first paid. The rest of energy flux from the reserve compound is allocated in priority to maturity 116 maintenance and then to the reproduction buffer E R . During periods of low food availability or prolonged starvation
117
(especially in winter), P. maximus is known to undergo a sharp decrease in flesh weight (Comely, 1974; Pazos et al., 118 1997) . In fact, the flux of energy coming from reserves is not sufficient to "pay" maintenance costs (bothṗ M and 119ṗ J ). The energy that has to be mobilized to pay somatic maintenance (ṗ S1 ) and maturity maintenance (ṗ S2 ) is taken 120 from the reproduction buffer (resorption of gonad,ṗ RS ) and if the reproduction buffer is empty, maintenance costs 121 are "paid" from the structural volume (lysis of structure,ṗ V S ).
122
The dependency of physiological rates on body temperature in ectothermes (in which body temperature equals 123 external temperature) has been described by the Arrhenius relationship within a species-specific tolerance range of 124 temperature (Kooijman, 2010). The following relationship was used to correct all model fluxes for temperature:
wherek(T ) is the value of the physiological rate at temperature T ,k 1 is the physiological rate at the reference 126 temperature T 1 , T A is the Arrhenius temperature, T L is the lower boundary of the tolerance range, and T AL is the (Paulet and Fifas, 1989; Paulet et al., 1997; Le Pennec et al., 2003; Shumway and Parsons, 2006 were corrected for size differences between individuals following the formula of Bayne et al. (1987) : 
where w E is the molar weight of reserve (g.mol −1 ), µ E is the energy content of one gram of reserve (J.mol −1 ) and
is the wet weight to dry weight ratio.
188
In the DEB theory, strategies for handling the reproduction buffer and spawning are species-specific. In P. maxi-189 mus, gamete releasing is asynchronous, partial and has been reported to be influenced by four parameters: temperature,
190
8 food density, a minimal GSI and photoperiod (Paulet et al., 1997; Saout et al., 1999; Barber and Blake, 2006 75 degree-days was found to be required to reach a condition ready for spawning. Then, a minimum GSI of 7 was put 
Results
204
DEB Parameters estimates
205
The DEB parameters estimated for P. maximus through the covariation method are presented in Table 3 . The
206
overall goodness of fit of model prediction to data on the great scallop's life history traits (Table 4) 
Environmental forcing variables
217
Temperature monitored during a study period of six years follow a rather constant annual cycle ( 
244
The two calibrated parameters in the simulations using the preference module were the maximum specific filtra- 
288
Except for the year 2002, the slope of the predicted growth curve is extremely similar to the observed one.
289
The last biological trait studied is the gonado-somatic index (GSI), shown in Fig. 10 . P. maximus from the Bay is accurately reproduced in the simulation (a little less when using only one food proxy). The spawning efficiency 296 parameter set at 0.5, meaning that the gonad is half-flushed during spawning, seems to be a relevant value since the 297 simulated GSI do not fall below the lower bound observed.
298
The model response was also tested by the simulation of an average individual from its birth until several years of 299 growth along the study period. Fig. 11 presents the growth curve of a great scallop born in June 1998 that lived five 300 years in the Bay of Brest (environmental variables were the same as those used in previous simulations). Predictions 301 made by the model are very realistic, producing a five-year-old scallop of 11 cm with a very low growth rate at this 302 age, which closely matches observations. Finally, a last property of the model was highlighted by plotting DSGR data 303 both observed and simulated against environmental variables to look at the effects of forcing parameters on growth. 
Discussion
Modeling the life-cycle of P. maximus
310
In this study, we used DEB theory to build a mechanistic bioenergetic model for P. maximus in the Bay of Brest,
311
including a detailed formulation of the ingestion and food handling processes through the SU concept. The set of 312 estimated parameters allowed us to reproduce the growth of an average great scallop individual during its entire life-313 cycle with a satisfying accuracy (Fig. 5) . The age at metamorphosis was the only life trait that did not fit very well 314 ( 
329
All simulations presented here were made over one year and for individuals that belong to three-year age cohort, 330 which correspond to an age between 2.5 and 3.5 years old. An interesting question is how the model behave in the 331 long term, when scallops are grown from the egg to an advanced age. Fig. 11 shows that when the simulated animal 332 reaches three years old in 2001 it can be compared to observations made this year on scallops of the same year-class
333
( Fig. 8 and 9 ). Here again we see that this long term simulation is in accordance with observations. 
Growth and feeding
335
An interesting pattern is that simulated DSGR is strongly impacted by bottom temperature, as shown in Fig. 12 . anomalies and short term variations in shell growth, it has been established that food was one the most triggering 341 factor (Chauvaud et al., 1998; Lorrain et al., 2000) . This pattern was not very well captured by the model compared 342 to measured DSGR (Fig. 12) . In 1999, scallops shown a daily growth divided in three periods: (1) year. To the contrary, the model predicts a rather smoother growth along the growing period (which has still the same 347 duration and timing), with a DSGR rapidly reaching a plateau around 70 µm and starting to decrease two months later 348 than the observations but at a faster rhythm.
349
One objective of this work was to test the hypothesis of a selective ingestion of P. maximus between two substrates.
350
When looking at the functional responses of the modeled individuals (Fig. 6) 
422
gigas in relation to environmental conditions. They adopted an approach involving the creation of a new state variable
423
(the gonad structure) plus three additional parameters, while using derivatives of temperature as signals to begin and 424 end the gametogenesis. However, those manipulations did not significantly addressed the bad fit of simulated gamete 425 releases compared to observed data. Moreover they reported only one spawning event for C. gigas whereas several 426 ones are clearly identified in P. maximus biological cycle, which may reduce the difficulty to accurately simulate it.
427
One of their conclusion was to put more emphasis on the intake of energy rather than on the reproductive activity. But 428 finally, when looking at these two studies, one focusing on the reproductive effort modelling and ours on the feeding 429 modelling, results are sensitively the same. 
Conclusions and perspectives
444
In this study we implemented a DEB model for the great scallop, P. maximus, in the Bay of Brest using the Syn- further deep into the description of filtration, ingestion and assimilation processes in mussels M. edulis. By taking into 456 account silts as an other potential substrate for SU, they were able to describe these processes through a DEB model, It has long been suspected that filter feeders and especially P. maximus could be able to select algae cell types according to their chemotactile attractiveness, size or shape (Raby et al., 1997; Ward and Shumway, 2004) . The state 
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Observed measurements in the first sampling of the year fractions bound respectively to a X-type food particle and a Y-type food particle. P stands for the product released after transformation of the substrate. FIGURE 2: Graphical representation of the preferential interaction between substrates in the Synthetizing Unit concept (Kooijman, 2010) , that allows the substitution of one substrate type to another. S X is the substrate corresponding to the microalgal cells and S Y the one for remaining POM. θ. represents a free SU fraction while θ X and θ Y are SU fractions bound respectively to a X-type food particle and a Y-type food particle.
P stands for the product released after transformation of the substrate. 
